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Dear Sir: 

DECLARATION OF RICHARD H. WOMACK 
I, Richard H. Womack, of 9521 Academy Hills Drive, 
Albuquerque, New Mexico 87111, do hereby declare that all 
statements made of my own knowledge are true and that all 
statements made on information and belief are believed to be 
true, do hereby declare as follows: 


1. I became a full-time employee of Krysalis 
Corporation, Albuquerque, New Mexico, on or about July 5, 
1986, and that my title at that time was Design Manager. I 
reported to Mr. Joseph T. Evans, Jr., a joint inventor of 
the subject matter of the above-captioned patent 
application. 

'* hereby certify that this oorrecpor^nce is being deposit- 
ed with the United Stetee Postal Service m first class mail 
\n an envelops addressed toe 
Commissioner of Patents aiuSTr&tefttSsfta, 

Washington, D.C 20231 1T P uly 8 * 1991 

(Data of Deposit) 

Roger N. Chauza, Reg. No. 29,753 
plica nt, < 
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Date of Signature 


* * 

2. My responsibilities at Krysalis were the design 
and development of semiconductor memory circuits 
incorporating ferroelectric material as non-volatile storage 
elements. 

3. I am a joint inventor named in the above-captioned 
patent application. 

4. I worked in concert with and collaboration with 
Joseph T. Evans, Jr., and William D. Miller, the other named 
joint inventor, and other Krysalis personnel in the design, 
development and testing of semiconductor circuits employing 
ferroelectric material. 

5. One of my initial responsibilities at Krysalis was 
the development of a "TD01" semiconductor test wafer having 
various test circuits. One test circuit was a 2x2 array of 
non-volatile memory cells providing the non-volatile storage 
of data states using ferroelectric capacitors. The first 
developmental effort that I undertook at Krysalis was the 
generation of data which was to be used by outside vendors 
to fabricate a mask set so that various semiconductor and 
thin film processes could be carried out to actually make 
the various test circuits within the silicon material of the 
TD01 test wafer. 

6. About 15 masks, or so, were required to fabricate 
the silicon CMOS transistor test circuits and integrate the 
same with the ferroelectric capacitors. An outside vendor 
(Orbit Semiconductor, Inc.) utilized a number of the masks 
to fabricate the semiconductor transistors and circuitry 
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into the silicon wafers, while the remaining masks were 
utilized by Krysalis Corporation to form the ferroelectric 
capacitors on the wafers and to form interconnects to the 
transistor circuits, 

7. Starting some time in about August, 1986, I gave 
consideration to the various test circuits to be fabricated 
within the TD01 semiconductor test wafer, and commenced 
preparation of a nine-track magnetic tape, the data of which 
was in a GDSII format and which identified the various 
coordinates of the mask features of the circuits and 
capacitors to be formed in the silicon wafer • 

8. It took me about nine weeks to produce the nine- 
track tape with the X-Y coordinates of each feature, of each 
mask layer, using the computer assisted drafting (CAD) 
facilities at the University of New Mexico, at Albuquerque, 
The nine-track tape was subsequently delivered to Orbit 
Semiconductor, 1230 Bordeaux Drive, Sunnyvale, California. 
It is believed that Orbit Semiconductor provided another 
vendor, Master Images, Inc., with data to actually fabricate 
all the masks of the set. 

9. It is believed that Master Images, Inc. of San 
Jose, California, did the mask generation work for Orbit 
Semiconductor. Orbit Semiconductor then received the masks 
from Master Images and proceeded with semiconductor 
processing techniques to fabricate the test circuits within 
a silicon wafer of 4" diameter. 
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10. Mr, William Miller's Declaration, which is 
believed to accompany this material, includes documents 
which verify the ordering and receipt from Orbit 
Semiconductor of TD01 wafers described herein. 

11. After Krysalis received the TD01 wafers from Orbit 
Semiconductor, further processing was carried out by 
Krysalis with the remaining masks made by Master Images to 
deposit the ferroelectric dielectric material, barrier and 
insulating layers, capacitor plate layers, and other layers 
on the wafer, and pattern the layers to define capacitors 
connected to the various CMOS test circuits. The 
integration of the thin film ferroelectric capacitors with 
the silicon transistor circuits in the TD01 wafer comprises 
a non-volatile memory circuit. 

12. Mr. Leo Chapin's Declaration which is believed to 
accompany this material, verifies that the ferroelectric 
material was deposited on various TD01 semiconductor test 
wafers in November of 1986. 

13 . Exhibit A attached hereto is a schematic drawing 
of a TD01 ferroelectric memory array that was integrated 
according to my nine-track tape data into TD01 semiconductor 
wafers by Orbit Semiconductor. I designed this TD01 memory 
circuit of Exhibit A as a versatile test device. In other 
words, the memory array can function as two complementary 
memory cells with two transistors and two ferroelectric 
capacitors per cell, or as four, single-transistor, single- 
capacitor cells, depending on the manner in which the array 
is externally connected. 
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For example, transistor Ml and ferroelectric capacitor 
114 comprise a first cell having a word line connected to 
chip pad 1 and a bit line connected to chip pad 6. A second 
cell comprises transistor M2 and ferroelectric capacitor 119 
sharing the same bit line as the first cell, but having a 
word line connected to chip pad 12. A third memory cell 
comprises transistor M3 and ferroelectric capacitor 16 
having a bit line connected to chip pad 2, and sharing a 
word line with the first cell. Lastly, a fourth memory cell 
comprises transistor M4 and ferroelectric capacitor 15 
sharing a word line with the second cell and sharing a bit 
line with the third cell. 

With this arrangement there is an array of four 
ferroelectric memory cells that can be individually written 
or read with data. The array can further be considered as 
having two rows and two columns of cells; transistors and 
associated capacitors Ml/114 and M3/I6 being in one row 
having a common word line at chip pad 1, and M2/I19 and 
M4/I5 being in a different row having a common word line at 
chip pad 12. Transistors and associated capacitors Ml/114 
and M2/I19 form one column with a common bit line at chip 
pad 6, while M3/I6 and M4/I5 form another column of cells 
with a common bit line at chip pad 2. 

The top plates of each of the ferroelectric capacitors 
is connected to a respective one of the transistors which 
are driven into conduction by a signal on one of the word 
lines. A bottom plate of each of the ferroelectric 
capacitors is connected to a plate, or drive line. 
Particularly, the bottom plates of ferroelectric capacitors 
114 and 119 are connected to a common plate line at chip pad 
7. The bottom plates of ferroelectric capacitors 15 and 16 
are connected in common to a plate line at chip pad 9. Each 
ferroelectric capacitor of the memory array of Exhibit A can 
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be individually connected between a plate line and a bit 
line by a respective switching transistor. 

The ferroelectric memory circuit of Exhibit A further 
includes a transistor M8 and a transistor M7 for forcing the 
bit lines (pads 2 and 6) to desired states for writing data 
into the memory cells. 

Transistors M5 and M6 are connectable to function as 
source followers to provide analog outputs from the bit 
lines when the memory cells are read. There are a total of 
eight transistors in the memory circuit of Exhibit A. 

14. The TD01 test die therefore includes non-volatile 
memory circuits employing ferroelectric capacitors and CMOS 
transistor switching circuits comprising a 2x2 array which 
can be configured as four single-transistor, single- 
capacitor cells, or as a pair of complementary memory cells 
each having two switching transistors and two ferroelectric 
capacitors. 

The TD01 test die further included a separate structure 
having a "Shadow Ram" type of non-volatile memory with a 
latch capable of storing data in a volatile manner, and a 
pair of capacitors coupled to the latch for storing the data 
in a non-volatile manner. 

All three types of non-volatile ferroelectric memory 
cells were developed by Krysalis on the TD01 test die by 
having an outside semiconductor foundry process silicon 
wafers to form CMOS transistor circuit of my design thereon, 
and thereafter Krysalis further processed the wafers to form 
the ferroelectric capacitors connected to the transistors. 

While the monetary and personnel resources of Krysalis 
did not allow the concurrent development of all three types 
of non-volatile memory circuits, it is believed that 
Krysalis chose to pursue the development of my complementary 
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ferroelectric capacitor memory cell as such type of cell 
produces a differential read-out signal that can be reliably 
sensed by a differential type circuit. 

15. Exhibits B, C and D are xerographic copies of 
three of the many glass masks utilized by Krysalis in 
fabricating the ferroelectric capacitors on the TD01 wafer. 
The Exhibits B, C and D also include xerographic copies of 
the front and back labels of the carrying cases of the 
respective glass masks. These three masks, as well as 
others, were made by Master Images, Inc., 2235 Zanker Road, 
San Jose, California, on or prior to the various dates which 
are shown on the back label of the carrying cases. The mask 
of Exhibit B, for example, layer "3 0-BEL" is the particular 
mask for fabricating a bottom electrode of the ferroelectric 
capacitor on the semiconductor wafer. 

16. The glass mask carrying case shown by the 
xerographic copy of Exhibit B also illustrates at the bottom 
right hand thereof a label with entries checked and dated to 
indicate compliance according to various quality checks. It 
is believed that the quality checks were conducted on the 
masks by Master Images personnel. As noted on the back 
label, various quality checks are dated "10-5-86". 

17. Exhibit E is a copy of a document that identifies 
the various test structures on each die of a TD01 
semiconductor test wafer. Although Exhibit E is undated, I 
prepared this document after the design and layout of the 
circuits of the TD01 test device in late 1986. Page 7 of 
Exhibit E illustrates the layout of the test structures of 
each die of a TD01 wafer. Page 8 of the exhibit, together 
with pages 1-6, identify the location on the die of each of 
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the test structures. Test structures 1-7 identified as 
ClOOa, ClOOb, C20a, C20b, C5x9a, C5x9b and C5x9c are each 
2x2 arrays of memory cells structured like the schematic of 
Exhibit A hereof. Each 2x2 array differs from the others by 
the size of the ferroelectric capacitors. Many identical 
die are formed on the face of each TD01 silicon wafer. 

18. Exhibit F is a much-enlarged copy of photographs 
of the 2x2 array test structure (CBIT) formed on each die of 
the TD01 test wafer. The top photograph copy shows the 
entire die of the TD01 test wafer, while the bottom 
photograph of Exhibit F shows the bottom left 2x2 array of 
the die, identified as "ClOOa" in Exhibit E. 

The bottom photograph copy of the 2x2 array shows a 
four quadrant structure between the top six contact pads and 
the bottom six contact pads. The right hand pair of square 
structures are ferroelectric capacitors corresponding to 
capacitors 119 (top) and 114 (bottom) of the memory array of 
Exhibit A. The left hand pair of square structures are 
ferroelectric capacitors corresponding to capacitors 15 
(top) and 16 (bottom) of the memory array of Exhibit A. 

19. Exhibit G attached hereto are xerographic copies 
of pages from my Krysalis engineering notebook. On 
September 29, 1986, I entered Figs. 1-3 on page 4 of my 
engineering notebook, with a description thereof on page 5 
and waveforms identified as Fig. 4. 

The drawing of Fig. 3 in my engineering notebook of 
Exhibit G is a non-volatile ferroelectric memory array with 
two individually accessible cells. The upper memory cell of 
transistor Ml and ferroelectric capacitor CI has a word line 
WL1 and a bit line DL2 . The bottom cell has a transistor M2 
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and a ferroelectric capacitor C2, a word line WL2 and shares 
the same bit line DL2 as the top memory cell. 

The memory array of Fig. 3 of Exhibit G includes two 
non-volatile ferroelectric memory cells , each including a 
ferroelectric capacitor and a switchable device located in 
the cell. Each ferroelectric capacitor can store two 
polarization states corresponding to two binary logic 
levels. Particularly, each ferroelectric capacitor can 
store a PI or PO polarization state, as noted in Fig. 2 of 
Exhibit G which illustrates a characteristic hysteresis loop 
of ferroelectric capacitors. 

In order to select the top memory cell of the array of 
Fig. 3, a signal is applied to the top word line WL1 to 
select the top memory cell and turn on the switchable device 
Ml located within the selected memory cell. When the 
switchable device Ml is driven into conduction, the bottom 
plate of the ferroelectric capacitor CI is connected to the 
bit line DL2. The signal on the word line is shown in Fig. 
4 of Exhibit G as WL1 which is at a logic high level during 
the read and restore sequence. 

While the switchable device Ml is turned on by the 
application of the word line WL1 signal, a non-zero voltage 
is applied to the top plate of the ferroelectric capacitor 
CI on the drive line, labeled DL1 in Fig. 3. The signal 
applied to DL1 is also shown as a non-zero voltage in the 
waveform of Fig. 4. As further noted in Fig. 4, the 
application of the non-zero voltage to the top plate of the 
ferroelectric capacitor CI causes an electrical charge to be 
dumped onto the bit line DL2. In order to determine whether 
a polarization state PI or state PO was initially stored in 
the ferroelectric capacitor CI, the signal developed on the 
bit line DL2 is compared to another signal to thereby 
determine the logic state of the stored data. This step is 
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carried out during the time noted in Fig. 4 as "sense 
amplifier". Sense amplifiers have been routinely utilized 
in DRAM type of memories for comparing bit line signals to 
other signals to determine whether the read-out signal 
corresponds to one data state or another. As noted in my 
handwritten description on page 5 of Exhibit G, there is 
noted "One method of detecting this charge difference would 
[be] to charge a capacitor C s with it, causing a change in 
voltage V s and then sensing the voltage change." 

The voltage on the drive line DL1 is terminated first, 
as noted in Fig. 4, and thereafter the signal on the word 
line WL1 is terminated. 

The restoration of the polarization state in the 
ferroelectric capacitor occurs in a sequence during which 
time both the drive line DL1 and the word line WL1 are high 
and another time in which the drive line DL1 is low and the 
word line WL1 is high. The first time in the sequence 
restores the PI state in the ferroelectric capacitor, 
whereas the second time in the sequence restores the PO 
state. Such sequence of time periods are labeled in Fig. 4 
of Exhibit G as "Restore 1" and "Restore 0". During the 
time in which the ferroelectric capacitor is restored to 
either a PI or PO state, the word line WL1 signal remains 
high to keep the switchable device turned on. The restore 
operation restores the ferroelectric capacitor to the 
polarization state existing prior to the read operation, 
regardless of the logic state. 

20. In the latter part of 1986, I commenced the design 
and layout of a ferroelectric memory, known internally at 
Krysalis as either the "512ECD" or the "ECD512". The ECD512 
device was to have a 64X8 array of ferroelectric memory 
cells, each of the type being similar to the cells shown in 
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Fig. 11 of my engineering notebook. Each memory cell was to 
be of a complementary type, having two ferroelectric 
capacitors and two access transistors connected to 
complementary bit lines. The CMOS transistor circuits of 
the ECD512 test device were fabricated by an outside 
semiconductor wafer vendor, and then further processed at 
Krysalis for applying the ferroelectric material thereto to 
form the non-volatile storage capacitors connected to the 
transistor circuits. 

21. Exhibit H is a document dated April 8, 1987, that 
was prepared at Krysalis to describe the functions of the 
chip sufficiently to enable others to test the chip. Pages 
1-3 of Exhibit H show the pin out of an ECD512 chip package 
and the electrical name of each terminal. The pin out of 
the chip package is shown on page 3 which is dated November 
6, 1986. Pages 14-16 of Exhibit H illustrate the test 
connections and pin out arrangement to conduct tests on an 
unpackaged ECD512 chip by accessing the bond pads with a 
microprobe test device. This exhibit includes certain ones 
of my hand-drawn electrical circuit schematics and layouts 
of the ECD512 non-volatile ferroelectric memory. These hand 
drawn schematics represent my finalized circuit design of 
the ECD512 non-volatile memory. 

22. Exhibit I comprises a number of copies of sheets 
that I prepared while at Krysalis during my circuit design 
of the ECD512 ferroelectric memory. I finalized the circuit 
design of the ECD512 non-volatile memory at least in 
February, 1987, as noted by the dates that I entered on the 
circuit schematics of Exhibit I. Exhibit I is entitled 
"ECD512 Schematics" and the frontal sheet is dated 
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"2/21/87" , which represents the date my circuit design of 
the ECD512 ferroelectric memory was completed. 

Page 3 of Exhibit I is dated February 2, 1987, and is 
my hand drawn block diagram of the ECD512 ferroelectric 
memory . 

Page 4 of Exhibit I is dated January 2, 1987, and is my 
hand drawn electrical waveforms which, when applied to the 
ECD512 ferroelectric memory chip, cause a simultaneous read 
operation of eight complementary memory cells. 

Page 5 of Exhibit I is dated February 7, 1987, and is 
my hand drawn block diagram of address decoders used for 
ECD512 drive line and word line decoding to access specific 
complementary memory cells of the array. 

23. Page 6 of Exhibit I is dated February 19, 1987, 
and is my hand drawn diagram of an ECD512 drive line decoder 
which more specifically shows the decoding scheme to decode 
one of 64 drive lines of the array. 

Page 7 of Exhibit I is dated February 7, 1987, and is 
my hand drawn circuit schematics of an ECD512 DX factor 
generator for decoding the drive lines of the memory device. 

Page 8 of Exhibit I is dated February 7, 1987, and is 
my hand drawn circuit schematic of an ECD512 X factor 
generator for decoding both the drive lines and the word 
lines of the memory array. 

Page 9 of Exhibit I is dated February 17, 1987, and is 
my hand drawn circuit schematics of the ECD512 word line 
decoder for decoding addresses and selecting specific word 
lines for accessing the memory array. 

Page 10 of Exhibit I is dated February 17, 1987, and is 
my hand drawn circuit schematics of the ECD512 drive line 
decoder for selecting one of the drive lines of the 
ferroelectric memory array. 
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Page 11 of Exhibit I is dated February 1, 1987, and is 
my hand drawn circuit schematic of the ECD512 for activating 
the sense amplifiers of the memory device. 

Page 12 of Exhibit I is dated February 7, 1987, and is 
my hand drawn circuit schematics of the ECD512 input buffers 
for control signals of the memory device. 

Page 13 of Exhibit I is dated February 2, 1987, and is 
my hand drawn circuit schematics of the ECD512 input buffers 
for the drive line enable signal, word line enable signal, 
and output enable signal. 

Page 14 of Exhibit I is dated February 2, 1987, and is 
my hand drawn circuit schematics of the ECD512 circuit for 
disabling the sense amplifiers of the memory array and to 
discharge the bit lines after reading of the ferroelectric 
memory cells. 

Page 15 of Exhibit I is my hand drawn and undated 
circuit schematic of an address interface circuit for 
receiving addresses at the input of the 512ECD ferroelectric 
memory device. 

Page 16 of Exhibit I bears my handwritten date of 
"2/20/86." This date is in error and should be "12/20/86." 

Page 16 of Exhibit I constitutes my hand drawn 
schematics of a sense amplifier for sensing signals on the 
complementary bit lines of the array to determine the state 
of the data read from a selected one of the complementary 
ferroelectric memory cells. The sense amplifier is 
substantially identical to Fig. 13 of the patent application 
captioned above. Also shown on page 16 is a diagram of how 
the sense amplifier is connected to the other memory 
circuits. 

Page 17 of Exhibit I is dated January 31, 1987, and is 
my hand drawn circuit schematics of the ECD512 circuit for 
allowing connection of additional capacitances to the 
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complementary bit lines. This circuit also connects source 
followers to the bit lines for obtaining analog readings. 

Page 18 of Exhibit I is dated February 14, 1987, and is 
my hand drawn circuit schematic of the ECD512 output buffer 
which provides a latched output of signals read from the 
ferroelectric memory array. 

Page 19 of Exhibit I is dated February 17, 1987, and is 
my hand drawn circuit schematics of an input buffer for data 
signals input from test equipment to the ECD512 device. 

24. Exhibit J includes a copy of my hand drawn circuit 
schematics, dated November 4, 1986, of a sense amplifier of 
the type utilized in sensing complementary bit line voltages 
in the ECD512 memory. Exhibit J also includes my hand drawn 
waveforms of a read/modify write operation of the ECD512 
memory. According to this memory operation, the memory can 
be read according to an address, and other data can be 
written in the same address location during the same memory 
operation. 

25. I was also responsible for the layout of the 
various circuits of the ECD512 memory which were to be 
fabricated on a silicon wafer. The layout of the 512ECD 
circuits could only be completed after the circuit design 
was completed. 

I recall that it took me 9-10 weeks to generate the 
layout of the circuit elements or components of the ECD512 
memory, in a GDSII format, on an 9-track magnetic tape. 
This effort was started by me and Chris Hatcher at the 
University of New Mexico, using their computer-assisted 
drafting (CAD) equipment, and completed at Krysalis when 
appropriate equipment was received. The 9-track tape having 
the ECD512 memory layout data was then used by an outside 
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vendor to generate numerous wafer processing masks. Various 
of these masks were used by an outside semiconductor foundry 
to fabricate the CMOS transistor circuits within a 
semiconductor wafer. Other of the masks were utilized by 
Krysalis in forming the ferroelectric capacitors on the 
ECD512 test wafer, in electrical connection with the CMOS 
transistor circuits. 

26. Exhibit K attached hereto is my letter to Mr. Ben 
Fong, of Orbit Semiconductor, Inc., an outside semiconductor 
foundry. The letter identifies the information on the 9- 
track tape for fabricating the various masks. I recall 
sending this letter to Mr. Fong some time in March of 1987. 

27. Master Images, Inc. of San Jose, California, did 
the mask generation work for Orbit Semiconductor. Orbit 
Semiconductor then received the masks from Master Images and 
proceeded with semiconductor processing to fabricate the 
ECD512 transistor circuits within silicon wafers. 

28. Mr. William D. Miller's Declaration, which is 
believed to accompany this material, includes documents 
which verify the ordering and receipt from Orbit 
Semiconductor of ECD512 test wafers. 

29. Exhibits L, M and N are xerographic copies of 
three of the many glass masks utilized by Krysalis in 
fabricating the ferroelectric capacitors on the ECD512 
wafers. The Exhibits L, M and N also include xerographic 
copies of the front and back labels of the carrying cases of 
the respective glass masks. These three masks, as well as 
others, were made by Master Images, Inc., 2235 Zanker Road, 
San Jose, California, on or prior to the various dates which 
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are shown on the back labels of the carrying cases. The 
mask of Exhibit L, for example, is used in forming a "7 -CO" 
contact layer of the ECD512 test wafer. 

30. The xerographic copy of the carrying case label of 
Exhibit L illustrates at the bottom right hand thereof, a 
back label with entries checked and dated to indicate 
compliance according to various quality checks. It is 
believed that the quality checks were conducted on the masks 
by Master Images personnel. As noted on the back label, 
various quality checks were dated "3-23-87". Quality 
inspection dates believed to be entered by Master Images 
personnel on the carrying cases of Exhibits M and N are 
"3-24-87" and "3-24-87", respectively. 

31. I tested the ECD512 non-volatile memory chip at 
Krysalis, using a computerized test set manufactured by 
Mosaid. After power was applied to the chip I connected an 
address generator to the six address inputs of the ECD512 
chip to selectively access one of 64, 8-bit memory 
locations. 

In designing the test ECD512 non-volatile memory, I 
included output circuits which provided a digital output of 
memory. I also provided for on-chip analog circuits so that 
I could externally evaluate analog signals carried on the 
internal complementary bit lines of the memory. I recall 
that during the month of April, 1987, an ECD512 memory chip 
was tested, but did not operate satisfactorily. A 
correction to the layout was made, and revised chips were 
tested in May, 1987, and showed satisfactory operation. As 
a result of such testing, I concluded that the ECD512 test 
chip adequately worked for its intended purpose. 
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I further declare that all statements made herein of my 
own personal knowledge are true and that all statements made 
on information and belief are believed to be true; further 
that these statements were made with the knowledge that 
willful false statements and the like so made are punishable 
by fine or imprisonment or both under § 1001 of Title 18 of 
the United States Code, and that such willful false 
statements may jeopardize the validity of the above- 
referenced application or any patent issuing thereon. 
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Starting at lower left 
1. clOOa 

2x2 array with source followers of 100 x 100 FES capacirors 
(cap 1 00) wi th bond pads on the sense nodes 


PIN * 

Function 

1 

WL1 

2 

Sense node 1 

3 

Source 1 

4 

Vcc for Source followers 

5 

Source 2 

6 

Sense node 2 

7 

VD2 

6 

Data 2 

9 

VD1 

10 

Data 1 

1 1 

Vi/rite control 

12 

WL2 

clOOb 



same as 1. except a two x sense capacitor on each sense node 
Pin numbers 2 and 6 would go to ground 

3. c20a 

same as 1. except with 20 x 20 FES capacirors (cap20) 

4. c20b 

same as 3. except having a 5x sense capacitor on each sense node 
Pin numbers 2 and 6 would go to ground 

5. c5x9a 

same as 1. except the capacitors are 5x9 (cap5x9) 

6. c5x9b 

same as 5 except having a 4x sense capacitor (parasitics matter 
here) 


7. c5x9c 

same as 5 except having only parasetic sense capacitors 

6. ctranl 

4 nchannel transistors 

100/ 1 1 with minimum SIN opening around contact 
Pins 1= drain 2=gate 3=source 

100/100 made for probing before metal 
Pins 4=drain 5=gate 6=source 

100 / 1 1 with maximal SIN opening around it and used in 2 x 2 
arrays Pins 12=drain 11=gate 10=source 

7/3 minimum transistor used in 2 x 2 arrays 
Pins 7=drain 6=gate 9=source 

9. ccapl 

8 FES capacitors 

5x9 (cap5x9) same as used in most 2x2 arrays 
Pins 1, 2 

100 x 100 over poly stripes Pins 3 , 4 

100 x 100 over contact N diff to test junction spiking 
Pins 5, 6 

20 x 20 (cap20) same as use in the 2x2 arrays 
Pins 7, 8 

100 x 100 (cap 100) same a used in the 2x2 arrays 
Pins 9, 10 

300 x 300 (cap300) Pins 11, 12 

5x9 (cap5x9) with small probe pads 

20 x 20 (cap20) with small probe pads just above the 5x9 with 
small probe pads 


10. ccap2 

4x4 array of 20 x 20 capacitors 

Pins V= 1,2,3,4 X= 9, 10,11, 12 


a1fes2 - structure for investigating the effect of AL on the 
capacitor characteristics. This stucture has capacitor stripes 
with AL contacting FES maximally near the capacitor edges. 
Pins 5, 8 

alfesl - same as alfes2 except AL does not come in contact with 
FES Pins 6, 7 

11. cminla 

2x2 array with source followers of 5 x 9 FES capacitors 
(cap5 x 9) with bond pads on the sense nodes 
same pins as 1. 

12. 4 minimum capacitor test structures with continuous FES, 
3 capacitors each 

a. 5 x 5 with 5u spaces and continuous TEL 

b. 3 x 3 with 3u spaces and continuous TEL 

c. 5 x 5 with 5u spaces and continuous BEL 

d. 3 x 3 with 3u spaces and continuous BEL 

12. cminlb 

some os cminlo except minimal cepocitonce on sense nodes 

13. cmin2a 

same as cminla except metall does not come in contact with FES 
cap5x9b was used 

14. cmin2b 

seme a cmin2a except with minimal capacitance on the sense nodes 

15. cmin3a 

same a cmin2a except the capacitors have TEL spaced 5u apart with 
continuous FES 

16. cmin3b 

same as cmin3a except with minimal capacitance on the sense nodes 



17. ctran2 

P-channel transistors 

100/3 (pt 100x3) Pins 1 = drain, 2 = gate, 3 = source 
100/100 (probp) 

PJns 4 = source and nwell contact, 5 = gate, 6 = drain 

7/3 (minp) Pins 7 = drain, 8 = gate, 9 = source 

100/1 1 (passp) Pins 10 = drain 1 1 = gate, 12 = source 

18. ctran3 

N-channel transistors 

100/3 (t 100x3) Pins 1 = drain, 2 = gate, 3 = source 

2 x 100/3 (twostr) Pins 4 = drain, 5 = gate, 6 = source 

100/3 field transistor (tfield) Pins 7 = drain, 8 = gate, 9 = source 

100/3 (t 100x3) orthognal to the transistor of pins 1,2,3 
Pins 10 = drain, 1 1 = gate, 12 = source ! 

19. serp ! 
Comb and serpentine metal 1 structures 

Metal 1 over FES and BEL also used for 4 point resistance 
measurement of metal 1 resistance; number of squares is 1 10 
. Pins 1 = Comb, 2 ? serp sense 1, 3 =. serp drivel, 1 1 = serp sense2, 
12 = serp drive2 

Metal 1 over poly stripes 

Plns4 = serp1, 9 = serp2, 10 = comb 

Metal 1 over field 

Pins 6 = serp1, 7 = serp2, 8 = comb 


20. slatcap 

3 latteral capacitance structures with two comb structures each 


a. BEL only Pins 1, 12 

b. BEL and TEL coincident Pins 2, 11 

c. TEL only Pins 3, 10 


21. cbit 


a. 1 bit memory 
Pin 


Function 


2 


Data 

Write 

PHI2 


DATA BAR 


10 
11 
12 


VCC 
PHI1 
6ND 


b. Heater structure 

100 x 100 capacitor over a poly stripe/resistor/heater 
Pins 5 = top electrode to cap, 6 = poly cont * 1 , 
7 = bottom electrode, 6 = plot cont *2 

22. ccopmos 

MOS capacitance structures 

a. pcap2 N-channel transistor with 20 200/10 stipes and a 

guard ring 

Pins 1 = gate, 2 = all drains, 5 = poly guard ring 

b. pacp4 same poly as pcap2 i.e. noNdiff 

Pins 3 = poly, 5 = guard ring 

c. pcapl square poly to substrate capacitor over 200 x 200 gate 

oxide Pins 6 = poly, 5 = guard ring 

d. pcap3 same as pcapl except over field (the area is more than 

200 x 200) Pins 4 = poly, 5 = guard ring 


e. gated2 gated diode with 20 200/10 poly gate stripes 

Pins 8 = guard ring 

f. gatedl gated diode with 200 x 200 poly gate area 

Pins 1 1 = guard ring 

24. Bill Shepard s DECTAK and alignment structure 
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ECD512 
DOCUMENTATION PACKET 
4/8/87 



ECD512 


PIN 1: VCC2 approximately lOv 

PIN 2: SFBG source follower back gate, approx. lOv gives independent 
control over the n-well of the p-channel source follower. 

PIN 3: TD test data, voltage used to characterize the source 
follower's gain. This is an analog input. 

PIN 4: TW test write enable, HI allows the voltage on TD to be put 
on the gate of the source follower. TW and TD are use only to 
characterize the source follower. TW is pulled low at the pad. 

?IN 5: D drive line control, the addressed drive line is high when 

this is high and low when this is low. 

PIN 6: AE word line address enable, the addressed word line is high 

when this is high and low when this is low. AE is pulled up at the 
pad. 

?INs 7 thru 12: A5, A4, A3, A2, Al, AO, row address inputs to select 1 of 64 
word lines and drive lines 



13: 

101, 

Input/Output 1, 

source 

of 

source 

follower 

1 

'IN 

14: 

102, 

Input/ Output 2, 

source 

of 

source 

follower 

2 

'IN 

15: 

103, 

Input/Output 3, 

source 

of 

source 

follower 

3 

'IN 

16: 

GND 

ground, substrate contact 




'IN 

17: 

104, 

Input/Output 4, 

source 

of 

source 

follower 

4 

'IN 

18: 

105, 

Input/Output 5, 

source 

of 

source 

follower 

5 

'IN 

19: 

106, 

Input/Output 6, 

source 

of 

source 

follower 

6 

'IN 

20: 

107, 

Input/Output 7, 

source 

of 

source 

follower 

7 

'IN 

21: 

108, 

Input/Output 8, 

source 

of 

source 

follower 

8 

'IN 

22: 

GB, 

output enable, 

outputs 

are active 

t when low 

'IN 

23: 

WB, write enable, 
during write. 

write during low, inputs are 

i latched 


3 IN 24: S sense control, starts the sensing and restore of the 

data on the rising edge. The sense amps are active while held HI. 

25: COLC, column control, the pass gates between the sense amps and 
the output and input buffers are on when COLC is HI. 

>IN 26: EC, equalization control, discharges the bit lines to ground and 
resets the sense amps to inactive state. EC should not be HI at the 
same time as S. 


IC, isolation control, the sense amps are isolated from the 
bit lines when IC is low. Tied at the pad to HI. 

28: TAP, test address pad, there are 16 source followers that pass the 
bit line information on to the 8 10 pads, TAP determines which 8. 
TAP selects BLB when HI and BL when LOW. Neither is selected if T 
is low. 

} IN 29: T, test control, connects the bit lines (BL and BLB) to the gates of 
the source followers and enables the test addresses. 

>IN 30: NC, no connect, only tied to the ESD input protection. 

>IN 31: CAP, connects a 3x FES capacitor to the bit lines when HI. i.e. 3x 
the cell capacitance is added to the bit line. 


IN 32: 


VCC, approx. 5v. 
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Richard Womack 

3825 Academy Park*^ South NE 
Albuquerque, NM 87109 


i Fong 

bit Semiconductor Inc. 
1230 Bordeaux Dr. - 
Sunnyvale, CA 94 089 
FAX Number (408) 747-1263 


Dear Ben, 

Listed below are the specifications for the masks for the ECD512. 


Quant 

Name 

Number 

Field Skew Factor 

Mask CD 




u p er side 

+- 0.25U 

1 

N- Well 

1 

dark -0.1 


6.9U 

1 

Source Drain 

2 

clear +0.35 

4. 

7u width 2 

1 

Field Imp 

3 

clear +4.0 



1 

Poly Gate 

4 

clear +0.15 


3.3u 

1 

P+ Diff Mask 

5 

dark -0 . 1 

3. 

8u width 3 

1 

N+ Diff Mask* 

6 

clear +0.1 

3. 

2u width 3 

2 

Contact Mask 

7 

dark -0.25 


2.5u 


Metal I 

8 

clear +0.75 


6.5u 

2 

Pad Mask 

11 

dark +0.0 


5.0U 

1 

BEL 

30 

clear +0.5 


6. Ou 

1 

FES 

31 

clear +2.0 


9.0U 


TEL 

32 

dark +0.0 


5.0U 


SIN 

33 

clear +0.0 


5.0U 

1 

Ml 

34 

dark +0 . 0 


5.0U 


* N+ Diff is 

not on the 

tape and is a reverse 

Of 

P+ Diff. 


All sizing has been done per the Orbit 3u N-Well design rules i.e. 
DES-017 page 2 and critical geometries have been added. You will need to 
add the Orbit alignment marks. 

Die size x = 6045u = 238 mil, y - 3226U = 127 nil. 


Sincerely, 


Richard Womack 



DASH-16 MANUAL 


AP^I 


DIX A: CONNECTIONS 


A. 2 REAR VIEW OF DASH-16 CONNECTOR 


L.L.GND. 

/ 0°) 
'CHO LO IN /*CH8 HI IN 

^CHl LO IN /*CH^ HI IN 

CH2 LO IN /*CH10 HI IN 

CH3 LO IN /*CH11 HI IN 

CH4 LO IN /*CH12 HI IN 

CH5 LO IN /*CH13 HI IN 

CH6 LO IN /*CH14 HI IN 

CH7 LOIN /*CH15 HI IN 

D/A 0 REF IN 

D/A 0 OUT 

VREF (-5v) 

( | l) POWER GND. 

IP1 

IP3 

f (|3) OP1 

CTR 0 OUT 
* 5v PWR 


19 


18 


17 
16 


15 


14 


13 


12 


11 


10 


37 
36 


35 


34 

33 


32 


31 


30 


29 


28 


27 


26 
25 


24 


23 
22 


21 


20 


CHO HI IN 
CHI HI IN (3j 
CH2 HI IN (>U 
CH3 HI IN (S) 
CH4 HI IN 
CH5 HI IN W 
CH6 HI IN 
CH7 HI IN 
L.L.GND. 
L.L.GND. 
D/A 1 OUT 
D/A 1 REF IN 


Co 


IPO / TRIG 0 
IP2 / CTR 0 GATE 

opoOzJ T*^ 

OP2(lU XC 
CTR 0 CLOCK IN 
CTR 2 OUT 


* Alternative connections apply in 16 channel Single Ended (S.E.) 
input configuration (set by 8/16 switch) . 


Fig. A.l: Rear view of I/O connector (37 pin male "D") 


- 89 - 


mNNfCTOR END 

WENTWORTH NUMBER : MASK NUMBER: £CffS"'X 



APPENDIX B: SPECIFICaWoNS 


DASH-16 MANUAL 


Appendix B 
SPECIFICATIONS 


B.l POWER CONSUMPTION 


+5v supply - 800mA typ. / 1A max. 
+12v supply - 2mA typ. / 5mA max. 

-12v supply - 20mA typ. / 30mA max. 


B . 2 ANALOG INPUT SPECIFICATIONS 


Channels 

Resolution 
Accuracy 
Input range 

Coding 

Overvoltage 

Input current 

Temperature 
Coefficient 


8 differential (HI/LO/GND) 
or 16 single ended (HI/GND) 
switch selectable 

12 bits 

0.01% of reading + /-1 bit. 

♦/-10v, +/-5V, +/-2.5V, +/-lv, +/-0.5V 
or 0-lOv, 0-5v, 0-2v, 0-lv 
switch selected. 

Offset binary (bipolar +/- inputs) 
True binary (unipolar 0-+ inputs) 

Continuous single channel to +/-35v 

lOnA max at 25 deg.C. 

Gain or F.S., ♦/-25ppm/deg.C. max. 
Zero, +/-12ppM/deg.C. max. 
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Richard Womack 

3825 Academy Parkwai*|outh NE 
Albuquerque, NM 87^R 


- Fong 

( t Semiconductor Inc. 
2\>o Bordeaux Dr. - 
annyvale, CA 94 089 
\X Number (408) 747-1263 


ear Ben, 

Listed below are the specifications for the masks for the ECD512. 


uant 

Name 

Number 

Field 

Skew Factor Mask CD 





u per side 

+- 0.25U 

1 

N- Well 

1 

dark' 

-0.1 

6.9u 

1 

Source Drain 

2 

clear 

+0.35 

4.7u width 2 

1 

Field Imp 

3 

clear 

-1-4.0 


1 

Poly Gate 

4 

clear 

+0.15 

3.3U 

1 

P+ Diff Mask 

5 

dark 

-0.1 

3.8u width 3 


N+ Diff Mask* 

6 

clear 

+0.1 

3.2U width 3 

u 

Contact Mask 

7 

dark 

-0.25 

2.5U 


Metal I 

8 

clear 

+0.75 

6.5u 

2 

Pad Mask 

11 

dark 

+0.0 

5.0U 

1 

BEL 

30 

clear 

+0.5 

6.0U 

1 

FES 

31 

clear 

+2.0 

9.0U 


TEL 

32 

dark 

+0.0 

5.0U- 

C 

SIN 

33 

clear 

+0.0 

5.0U 


Ml 

34 

dark 

+0.0 

5.0U 


3u sp 


* N+ Diff is not on the tape and is a reverse of P+ Diff. 


All sizing has been done per the Orbit 3u N-Well design rules i.e. 
DES-017 page 2 and critical geometries have been added. You will need to 
add the Orbit alignment marks. 

Die size x = 6045u « 238 mil, y « 3226u = 127 mil. 


Sincerely, 


Richard Womack 
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Master Images, Inc., 2235 Zanker Rd. 
San Jose, CA 95131 (408) 262-6275 


CUSTOMER: ORBIT 
DEVICE: ECD512 
LAYER: 7-CO 
ROM OPTION: 

PRODUCT-TYPE : IX Master 
GLASS TYPE: Low-Expansion 
Mil SALES ORDER # 73597 
P.O.* 9859^ 

AUDITOR: STEP DATE: 23C7C 



ACC REJ DATE 

MQA 



g.35 +/. 


PRIMARY 

TEST PATTERN 





i-ti 23$ 2J3 

_7$_ 


REJ DATE 


M 


MASTER IMAGES, INC. 


PHOTOMASKS NOT OPENED AND INSPECTED IN 
CLASS 100 ENVIRONMENT ARE NON-RETURNABLE 
ALWAYS HANDLE WITH GLOVES. 
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^Wfii£$*s£r Ynfages, Inc., 2235 Zanker Rd. 
#fl San Jose, CA 95131 (408) 262-6275 

CUSTOMER: ORBIT 

DEVICE: ECD512 

LAYER: B-MI 

ROM OPTION: 

PRODUCT-TYPE: IX Master 
GLASS TYPE: Low-Expansion 
Mil SALES ORDER # 73597 
P.O.# 9857 

AUDITOR: X STEP DATE: 24C7D 


MQA 


AQfc REJ DATE 


NOMIMAL g»'S +/- *.3P 
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MS MS b7f 
&7S 6.7/ 6 7/ 


TEST PATTERN 
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S.2Q S.IS 517, 


M 


MASTER (MAGES, INC 


PHOTOMASKS NOT OPENED AND INSPECTED IN 
CLASS 100 ENVIRONMENT ARE NON-RETURNABLE 
ALWAYS HANDLE WITH GLOVES. 
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SHIP 
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DATE 
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g Master Images, Inc., 2235 Zanker Rd. 
San Jose, CA 95131 (408) 262-6275 


AS 

CUSTOMER: ORBIT 
DEVICE: ECD512 
LAYER: 34-MI-DK 
ROM OPTION: 

PRODUCT-TYPE: IX Master 

GLASS TYPE: Low-Expansion 
Mil SALES ORDER # 73597 
P.O.* 9857 

AUDITOR: 2— STEP DATE: 24C7E 


M 


MASTER IMAGES, INC. 


PHOTOMASKS NOT OPENED AND INSPECTED IN 
CLASS 100 ENVIRONMENT ARE NON-RETURNABLE 
ALWAYS HANDLE WITH GLOVES. 
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DATE 

MQA 






NOMIMAL +/- 
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TEST PATTERN 
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